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LECTURE L1

Delivered on Feb. 231’d, 18D9,

EARTH.

MR. PRESIDENT AND GENTLEMEN,-That which we com-
monly speak of as " earth " is largely composed of excreta
and the dead remains of animals and vegetables which, as the
result of fresh biological processes, are either returned to the
bodies of living vegetable organisms or, after becoming
mineralised and soluble, are washed downwards by the rain
and ultimately find an exit in the sea. It is obvious that
not only does "earth" vary in composition with the varying
conditions of subsoil, climate, flora and fauna, but that
"earth" must undergo seasonal variations necessitated by the
vigorous upgrowth in the spring or the decay of the fall-the
heat and drought of summer or the flood and frost of winter.
The interstices between the particles of earth" " are filled
at one time with air, at another time with water, and the
line of demarcation between earth and air on the one hand
and earth and water on the other is often not very definite.
Again, the dust which is suspended in the air and which
settles on everything is liable to contain infective particles,
harmless to breathe but dangerous if they fall upon a wound.
It is obvious that such particles may be regarded as belonging
to the earth or the air. Some of them doubtless emanate
from the earth, having been raised as dust; but we must
admit that there may be organisms which grow in the air,
live in the air, and die in the air without ever touching earth
or water and which elude all attempts at identification or
artificial cultivation. While there are organisms which
may live indifferently in air or water others are

probably more exclusive in their obligatory conditions.
The mutual interaction of earth, air, and water must
never be lost sight of. It is the life in the earth,
both vegetable and animal, which helps by its influence
on vegetation to maintain the quality of the atmosphere.
Again, it is the earth which gives the quality to spring and
river water. Pure water is a body of definite chemical com-
position and pure air is a tolerably definite mixture of gases,
and it is not difficult to approximately measure the degree of
pollution of either. The chemical composition of earth, on
the other hand, is complex and constantly changing and it is
not possible for the chemist to fix any standard of quality.
The practical agriculturist by the aid of touch, smell, and
vision will say at once whether any given sample of earth is
foul or pure, sour or sweet, rich or poor, fertile or sterile,
and we must perforce content ourselves with the terms used
by the practical man. The word I I earth " in the ensuing lec-
tures will usually be regarded as meaning humus in a healthy
condition.

PATHOGENIC SAPROPHYTES.
There are certain pathogenic organisms which are con-

stantly found in the earth and which appear to be ubiquitous.
They adhere to our skins and clothing, get under the nails,
and lodge in the hair. They produce various diseases of
wounds and wounded persons and we now recognise that in
the absence of those precautions which we call "antiseptic"
it is never safe to inflict even the smallest wound. The
modern surgeon not only renders his hands and instru-
ments aseptic but he operates in spotless garments and
endeavours to have an operating-room as clean and free

1 Lectures II. and III. will be delivered on Feb. 28th and March 2nd,
1899, respectively.

from dust as possible. The organisms which produce the
various wound infections are saprophytes which flourish
external to the body. They are ubiquitous and (probably)
necessary and so long as we have a whole skin and uninjured
mucous membrane they do us no harm. As all organic
matter is constantly circulating, passing through death to
other forms of life and necessarily undergoing humification
as it does so, it follows that the agents of these changes, the
microbes which are to this end hatched in the soil, vary with
the circumstances. Houston gives the estimated number of
microbes per gramme found in 21 samples of soil. These

vary from 8326 in a virgin sand and 475,282 in a virgin peat
to 115,014,492 in the soil from the trench of a sewage farm.
Broadly speaking, the microbes bear a proportion to the
amount of dung. Warington estimated that a gramme of
dung from a cow fed on hay contained 165,000,000.
They all, presumably, have their optimum condi-
tions-chemical and physical qualities of the nutritive

medium, access of air or other gases, lightness or darkness
and temperature-and when the optimum conditions con-
...,..."w.....E..,, .........",1+’:",,1’:......n+’:........... """’I"’"< r........,..a 4-- ., .,.,."....t,;"v,
cur growtn ana multiplication go lorwaru at a pace wmcn
we can hardly appreciate. The fact that for the growth of
some the access of air is necessary while others obtain their

oxygen from the medium in which they grow and others

again are able to take in oxygen from either source has
formed the basis of a classification which has assisted our
understanding. Saprophytes, including those which produce
wound infection, are presumably of service in bringing about
the decomposition of complex organic bodies. Whether we
are able to check the growth and multiplication of these
facultative parasites outside the body is doubtful and whether
or no we should be gainers or losers by so doing is still more
doubtful. Bacteriologists have experienced no little diffi-
culty in discovering the exact conditions which are neces-
sary for the growth and development of many of the micro-
organisms which have been studied. Some are more exacting
than others and those which are best able to accommodate
themselves to varying circumstances naturally obtain the
mastery when several are attempting to grow simul-

taneously in the same medium. Some of the larger sapro-
phytes, such, for instance, as the common mushroom, require
no little skill for their artificial production. Their cultiva-
tion requires far more attention to exact details than is
necessary with ordinary green-leaved garden plants. We
know that for a few weeks in the autumn they may appear in
great numbers in dry pastures where horses have been fed,
provided the conditions of the air as to temperature, light,
and moisture be favourable, and we also know that directly
the necessary conditions fail the mushroom harvest is at an
end. We also know how strange is the predilection of
certain fungi for the dung of particular animals and I would
allude to a list furnished to me by Mr. George Murray,
F.R.S., which shows that the optimum conditions for the
growth and development of these short-lived and delicate
organisms must be marvellously subtle and probably quite
beyond the ken of the chemist.

I will now proceed to deal seriatim with some of the
contagia which are best understood and will begin with

TETANUS.

Among the ubiquitous organisms which are habitually found
in earth is the bacillus of tetanus. It is said to be present in
almost all rich garden soils and that the presence of horse-dung
favours its occurrence. It is strictly anaerobic and has been
artificially cultivated by Kitasato in an atmosphere of
hydrogen. It forms spores and grows best at a blood heat.
Marchesi has found it at a depth of two metres but no lower.
The pure cultivation of the bacillus which has a disagreeable
aromatic odour is often not very virulent. It is fatal to
animals as well as man and among animals the horse appears
to be most liable to be attacked. Infection always takes
place by inoculation through the wounded skin or mucous
membrane-never, it is believed, through the healthy
alimentary or respiratory tracts. Cases of "idiopathic" "
tetanus are reported, but it has fallen to the lot of few of us
to see a case and professional opinion seems to lean to the
idea that in such cases the inoculating wound has been
overlooked. The toxin which the bacillus brews locally in the
wound is toxic to the central nervous system and the antitoxin
to be effectual must, it is said, be injected subdurally into
the central nervous system. The exbaustion of the nervous

system seems to increase its vulnerability which is, perhaps,

2 Local Government Board Report, 1897-98.
H
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the reason why tetanus has been relatively common in the
domain of military surgery. There seems to be no

doubt as to the ubiquity of the tetanus germ. Every
child who falls on the ground and gets an abrasion of the
skin, all tillers of the soil who get accidental wounds in the
course of duty, and every horse which breaks its knees " by
falling in the London streets, runs, potentially, a risk of
inoculation with tetanus. In the face of the ubiquity of the
cause the rarity of the disease is remarkable. I have made

inquiry of many practitioners in the Thames valley where
market gardening is the chief industry and where countless
tons of London horsedung are spread upon the land and
learn from them that tetanus is in their experience the rarest
of diseases. Seeing that the bacillus is so strictly anaerobic
one is justified in supposing that the tillage of the soil which
brings it in contact with air and sunshine must be unfavour-
able for its growth and virulence. The bacilli must die out
under such conditions and the inoculation of the spores alone
is said by Vailliard, Rouget, and Vincent to be incapable of
setting up tetanus. If the bacillus or the spore be carried in
dust, or if they be washed into the water and drunk we have
no evidence that any harm results therefrom. In common
with some other microbial diseases tetanus is more virulent
in the tropics than in temperate climates. Friedberger and
Frohner state that it is so common among horses in St.
Domingo, especially after the operation of castration, that
geldings are worth twice as much as stallions.
The statement made by Ledantec and H. M. Stanley that the natives

of the New Hebrides and Central Africa are in the habit of poisoning
their arrows by smearing them with mud (obtained in the New Hebrides
from a mangrove swamp) gives emphasis to the importance of
a tropical temperature and the absence of tillage as factors
which make for increase of virulence of the tetanus bacillus
and other organisms found in earth. Pus from the wound of an
animal suffering- from tetanus is capable of conveying the disease and
perhaps it is due to this fact that certain stables and pastures have at
times acquired an evil reputation in respect of tetanus. Captain
Hayes, F.R.C.V.S., is of opinion that wounds in the hoof as the result
of careless shoeing are a great cause of what may look like idiopathic
tetanus in horses. In an article by Mr. Sidney Villar in the Journal
o/ CompafaMe J*cto!o cmd TTapSMMcs for December, 1897, anof Comparative Pathology and Therapeutics for December, 1897, an

observation by Mr. Joseph Woodger is quoted to the effect that tetanusis particularly common among horses used in dust-carts and Mr. Villar
continues : "In my own practice in Middlesex there are two farms
where the disease is specially prevalent. One of these at Alfreton is
occupied by a farmer who habitually spreads on his fields large
quantities of London refuse ; at the second farm, five miles away, the
bailiff brought two large loads of the sweepings of London roads in 1893
and dressed his home meadows with it. On these meadows his colts and
young stock were pastured and for two and a half years tetanus was
endemic on his farm ; during this period six colts became affected and
I believe only one entirely escaped the disease."

This experience of Mr. Villar seems to point to the

danger of placing upon grazing land material which is

probably mixed with broken glass or crockery. On clay
lands such as are common in the north of London manurial
matters placed on a pasture would be long in getting incor-
porated with the soil, and to allow horses to browse amongst
the crude impurities of a great city cannot be without danger
to the horses. Municipal authorities who wish to find a

ready market for street refuse must clearly take care that it
is not mixed with dangerous materials of no manurial value
likely to wound the feet of animals. In connexion with
Marchesi’s observation that the tetanus organism has not
been found at a greater depth than two metres I would
allude to a fact to which I shall return later that this

approaches the maximum depth to which the earthworm
burrows. It is obvious that if a spore were carried down-
wards by a worm it would there meet with anaerobic
conditions favourable for its preservation. A review of the
main facts connected with tetanus cannot but rouse in us
some surprise that in face of the ubiquity of the cause the
disease in man should be so rare. This is probably in part
due to the fact that we wear boots.

ANTHRAX.

Anthrax is a disease which undoubtedly is connected with
the soil. The bacillus was discovered by Pollender in 1849,
a discovery which is just 50 years old and which marks the
dawn of pathological bacteriology. The identification of the
bacillus in the laboratory and the diagnosis of the disease in
animals from quarter-evil and septicaemia is not without diffi-
culty. These difficulties are now understood but they are
sufficient to throw a shade of doubt over some of the earlier
observations. It may be well in the first place to give some
of the facts collected by Pasteur without comment.

3I. Chamberland, the able assistant of M. Pasteur, in his work gives
a J’&eacute;silm&eacute; of what one may call the modern history of charbon. In 1842

3 Le Charbon, Paris, 1883.

a Government report showed that in France the disease raged among
the flocks of half-bred merino sheep belonging to farmers in La Beauce.
It especially attacked lambs and the losses in this district of La Beauce
amounted to as much as 20 per cent. (out of a total of some
1,300,000 sheep) "et souvent dans les localit&eacute;s dont le sol est
see et calcaire la mortalite va jusqu’au quart, au tiers et depasse
parfois la moitie du troupeau." In the department of Seine-et-
Marne and in the districts of Provins, Fontainebleau, and Meaux
are certain farms known as ferme8 &agrave; charbon-" les meilleurs
cultivateurs ne les louent qu’en tremblant." Also in Le Cantal charbon
is known as " mal de montagnes " and certain hills are known as
" montagnes maudites " because of their evil reputation in relation to
charbon. The animals stricken with charbon show for a few days
some excitability and passing dyspncea and they become distended
after feeding. Next the urine becomes bloody and it is a sign of bad
omen to see fleeces spotted with blood. The dung also is noticed to be
soft and slimy, of a whitish colour stained with blood. They die at last
somewhat suddenly and in doing so usually void some blood-stained
dung and urine and expel bloody froth from the nostrils. Post
mortem decomposition is rapid and the animal swells up and blood is
expelled from the nostrils. Haemorrhages are found in the skin and
cellular tissue, as also in the viscera which are engorged with
blood.

The discovery of bacilli anthracis in the blood clinches
the diagnosis. It was in 1850 that Rayer and Davaine
described the bacilli and in 1877 Pasteur communicated to
the Academy of Sciences the important fact of sporulation
observed in these bacilli by Koch and himself, and further
pointed out that the bacillus anthracis was essentially
aerobic and was quickly destroyed in the blood of the dead
animal after the onset of putrefaction. It is important to
take notice of the extent to which the ground is soiled by the
dung, discharges, urine, and bloody wool of an animal ill
with anthrax.

In August, 1878, M. Pasteur fed sheep on lucerne previously watered
with a pure cultivation of bacillus anthracis. He says that "in spite of
the immense number of spores taken in with the food many of the
sheep escaped death....... The communication of the disease in this
way is still more difficult in the case of guinea-pigs." "Nous n’en
avons pas obtenu d’exemple dans d’assez nombreuses experiences. Les
spores, dans ce cas, se retrouvent dans les excrements. On les retrouve
egalement intactes dans les excrements des moutons." The mortality
is much increased when the infected food is mixed with prickly
material such as the leaves of thistles and the chopped beards or husks
of barley, and the post-mortem examination of sheep rendered
"charbonneuses" by fodder of this kind gave reason to suspect that
they were in fact really "inoculated" by definite injury by the prickly
food to the back of the throat. Of 19 sheep fed on lucerne polluted with
spores three died after four, seven, and nine days; of 11 sheep fed on
polluted lucerne and thistles three died after three, four, and six days.

It is recognised by professional knackers" that they run
little risk of contracting "charbon" " by manipulating dead
animals far advanced in putrefaction and both Pasteur and
Koch have shown that putrefaction soon destroys the bacilli
in the blood and tissues of an animal and that the bacillus
anthracis being aerobic sporulation does not take place
inside the putrefying body, but is very liable to occur in the
blood which escapes from it whether the blood flow upon the
earth or upon a dung-heap.
In August, 1878, Pasteur made a necropsy on the body of a sheep and

then buried the carcass in M. Maunoury’s garden. 10 months and 14
months afterwards Pasteur found spores of anthrax in the earth of this
animal’s grave and established the fact by th( inoculation of guinea-
pigs. The spores were found in the surface soil over the grave,
although since the burial the ground had not been moved. Similarly
spores were found in the soil over the grave of a cow buried two years
previously and at a depth of two metres. These spores were found over
the graves of dead animals ,after all the operations of cultivation and
harvest. Earth taken at a distance from these graves did not give
charbon.

In announcing these facts to the Academy of Sciences in
July, 1880, Pasteur says: "I shall not be surprised if
doubts arise in the minds of the Academy as to the
correctness of these facts. It will be asked, ’Does the
earth, which is so potent as a filter, allow these micro-
scopic spores to rise to the surface ?’ These doubts seem
to be supported by facts already published by M. Joubert and
myself. We have announced that water from even super-
ficial springs is sterile....... These, in spite of conditions
above which make for pollution, keep perfectly pure, which
shows that a certain thickness of earth arrests all solid

particles." Pasteur attributes the uprising of spores to the
action of earthworms and he claims to have actually
recovered spores from the bodies of earthworms living in
soil polluted with anthrax.
"May not ’earthworms,’" asks Pasteur, "bring other

noxious germs to the surface ? 7 They are always filled with a
mixture and the spores of charbon are in them mingled with
germs of putrefaction and septicaemia.’’ Pasteur at this
time regarded the earthworm as the great cause of the
dissemination of anthrax. In a footnote Pasteur calls
attention to the fact that in Le Cantal there are pastures
which from time immemorial have escaped (sora gpargnis)
and others in which from time to time the cattle were
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decimated and which are known as montagnes dangerellses"
which are abandoned without deriving the least profit from
them, " at least during several years," says M. Baillet.
" This last circumstance deserves great attention. It proves
that the cause, whatever it may be, which produces charbon
in a locality disappears with time." In Beauce Pasteur saw
certain fields in which the folding of sheep had been inter-
dicted for several years-i.e., since the last death thereupon
from charbon. "Now we placed flocks of sheep on five of
these fields and the mortality was 7 except in one flock
where it amounted to 1 per cent."
M. Colin of Alfort, a professor at the Veterinary School,

not being satisfied with some of Pasteur’s experiments, a
further report was made on May 17th, 1881, by a commission
composed of M. Bouley, M. Darvaine, M. Alphonse Guerin,
and M. Villemin. Earth from a 12-year grave, a three-year
grave, and from virgin soil was kept at a temperature of
900 C. for 15 minutes and the fine sediment was injected into
guinea-pigs. Of five guinea-pigs inoculated with 12-year
earth on March 19th four died on March 21st and 22nd from
septicasmia and one died on March 23rd from charbon.
Of five guinea-pigs inoculated with three-year earth on

March 19th, four died from March 21st to 23rd from septi-
caemia and one died on March 23rd from charbon. Of five
guinea-pigs inoculated with virgin soil on March 19th none
died. One had a small abscess at the seat of puncture. Of
six guinea-pigs inoculated with 12-year and three-year earth
on March 30th five died from septicaemia on April 3rd and
one died from charbon (12-year earth) on April 3rd. Of three

guinea-pigs inoculated with excreta taken from the bodies
of living earth-worms two died from septicaemia and one
from charbon on March 30th. Of the 19 animals killed by
the above experiments 15 died from septicaemia and four
from charbon.

Since 1879 M. Pasteur had asserted that most soils when
inoculated were capable of causing death from septicaemia
quite apart from any contamination by the death of anthrax
animals. Of three guinea-pigs inoculated on March 28th with
worm castings taken from above the graves of some of the
victims of the commune situated on waste land one died
from septicaemia on April lst and two were unharmed.

Pasteur had clearly demonstrated that the anthrax bacillus
is essentially aerobic, that it is soon destroyed by putre-
faction, and that for sporulation free exposure to air and a
temperature above 15&deg; C. and under 45&deg; C. are necessary.
These facts seem out of harmony with the view that earth-
worms bring spores from a deeply buried carcass to the
surface.
The following C’lse is quoted by Pasteur.5 On August 21st, 1796, a

mare fell dead from anthrax on a causeway (digue) at Hou&euml; (Eure-et-
Loir). The animal was skinned and the carcass was dragged by two
horses all along this causeway (along which farm animals passed to and
fro), with the result that the ground was soiled by the blood and other
debris of the dead animal. A large number of the sheep and cows
which used this soiled path died. These animals were skinned and
buried with the result that the foci of contamination spread and
ultimately 500 or 600 sheep succumbed to anthrax. The skinning and
transportation of an animal dead from anthrax must necessarily be a
most dangerous process.

All are agreed that anthrax is a disease liable to haunt
localities. Thus, in the report of the Board of Agriculture
for 1895 I find the following :-
An undoubted fact in connexion with anthrax is its tendency to

recur on certain farms. An examination of the agricultural returns
received shows that during 1895 the disease reappeared on 23 farms or
other premises in England and six in Scotland where it had been
reported in the previous year. From this cause farms come to be
regarded as dangerous and their value is very greatly depreciated.
In a report issued by the German Government allusion is made to the
farm of Parkisch where anthrax was rife. "Numerous outbreaks of the
disease were especially remarked when certain portions of the farm
were used as pasture and when fodder from these portions was used in
the stalls. The former tenant of the farm is said to have buried on
different parts of the farm carcasses of animals which had died of
anthrax and also to have put the carcasses into the dung-heap to use
them as manure."
Again, "Dlouie is a large estate in Kroloen, district Posen, and is

known as a hot-bed of anthrax....... It is stated that carcasses of animals
which have died horn anthrax have been buried with great carelessness
on different parts of the fields, especially behind the sheep sheds and
in a small wood situated some 100 paces from the farm, which also
serves for pasturage, and even in the dung-heaps, which together with
the straw from under the diseased animals were used for manure."

It is alleged by Friedberger and Frohner that the spores
may vegetate in the soil and surface water quite indepen-
dently of the animal body. The disease is said to occur

4 M&eacute;moires du Minist&egrave;re de l’Agriculture, 1870.
5 Annales de l’Agriculture, l&egrave;re S&eacute;rie, tome xxx., p. 332.

6 Report of the British Board of Agriculture, 1894.

among horses, cattle, and buffaloes in Eastern Bengal,
Manipur, and Burma without the agency of infection and to
be in that part of the world a truly miasmatic disease. As

spore formation requires something like a blood heat, it is
only wha.. might be expected to find the disease becoming
endemic among cattle and horses in tropical countries.
Where infected animals drop dung and other discharges on
the soil it becomes impossible to say whether the infective
spore originates in the soil or in the animal. The distinction
which separates soil from dung is somewhat subtle. These
authors assert that "there exists a well-marked connexion
between the disease and the amount of moisture in the soil.
It appears most frequently in lowlands and plains exposed to
inundations and great heat." Copeman also asserts that the
disease is prevalent on damp soils containing much humus,
as, for instance, upon peat bogs and near the borders of
lakes and rivers which have overflowed. On the other hand,
we have Pasteur speaking of montagnes maudites in con-
nexion with anthrax and asserting that the mortality is great
in soils which are sees et calcaires.
Many of the outbreaks of anthrax in this country have

been in the neighbourhood of Bradford and have been traced
to the use of infected wool-refuse as manure. A map pub-
lished by the Board of Agriculture shows that the outbreaks
of anthrax are most frequent in those counties of Great
Britain where dry foreign wools, hairs, hides, and skins are
manufactured into goods. In 1892 there were 42 outbreaks
of anthrax in the West Riding of Yorkshire, as against two in
the North Riding and one in the East Riding. Wool when
used as a manure must take a long time in becoming dis-
integrated and humified. In this respect it is very different
from dung and if wool be infected with anthrax spores it must
be a very dangerous manure for a pasture. The chief sources
of danger are said by Dr. Bell of Bradford to be the dry
wools of goats, alpacas, and llamas which are imported very
dry from hot countries. It is the anthrax spore which is the
danger and if, as is the case, a high temperature and free
admission of air be necessary for sporulations an excess of
water would be unfavourable for that process. There seems
a concurrence of opinion that the bacillus anthracis is killed
by putrefaction and soon disappears in the unopened and
unskinned body. Schmidt-Miihlheim inoculated guinea-pigs
with anthrax and as soon as they were dead he skinned
them and placed the limbs in an incubator at 39&deg; C.
The surface of the flesh was soon covered with a whitish
film which was found to consist exclusively of anthrax
bacilli, in many of which commencing spore formation was
apparent. There can be little doubt that the soil becomes
infected by the discharges from the living animal and the
skinning and other manipulations of the dead one. The
advice which is usually given in this country to bury anthrax
carcasses deeply and unopened and unskinned is doubtless
sound, although it is doubtful if the depth of the grave adds
materially to the anaerobism of the surroundings. It is very
doubtful if in an unopened body spore formation be possible
after a short period of burial. It is clear that the animal
should be buried at the spot where it dies and that the spot
should be enclosed and planted with a few saplings of some
indigenous tree. The value of "quicklime" is doubtful.
Whether it be advisable to delay burial until quicklime can
be obtained is still more doubtful.

All Pasteur’s experiments in relation to graves appear to
me to be vitiated by the fact that they took place in an
anthrax district and it is very difficult to say whether the-
spores were derived from the buried animal or from the dung
of infected ones which had been used as manure, or from the
blood-stained wool which, we are told, is of " bad omen" in
a flock. It is a noteworthy fact that of the 19 guinea-pigs
inoculated by the Alfort Commission four only died from
anthrax and 15 from septicaemia, and that the earth from the
three-year-old grave and from the 12-year-old grave conveyed
anthrax in the same proportion-i.e., one in four inocula-
tions. There seems no doubt that spores may be found in
earthworms or their castings and there is equally no doubt
that if the worms have brought the spores from the depths.
of the earth such spores must have originally been formed
on the surface. It is, of course, quite impossible to say
whether a worm swallowed the spore on the surface or below
it. It is certain that recently dead bodies have no attractions
for worms. Such carrion usually forms the food of maggots
hatched from the eggs of diptera deposited before burial
and of beetles which live in the earth and are soon attracted
to it.

There are some discrepancies amongst observers as to the
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infectivity of food grown on anthrax ground. On the onE
hand, Pasteur was unable to do much harm to sheep fed on
lucerne sprinkled with spores and, on the other hand, we have
a story quoted by Pasteur of an old woman whose goat and
cow died from anthrax when fed with clover stolen from
over a grave two years after the burial of an anthrax animal.
It is, of course, impossible to get away from the post hoc
fallacy in these cases, especially in a country where animal
hygiene was utterly neglected and where anthrax was, or
diseases resembling it were, rife. In this country we have
had no outbreaks of anthrax at all comparable to those which
have proved such a scourge in France and other parts of the
continent. The loss of sheep from anthrax in England is
very slight and the explanation is probably to be found in
the relative vulnerability and immunity of the flocks. Sheep
in England are rarely housed but are allowed to breathe at
all times the freshest of fresh air. Their pastures are
changed before the ground gets foul and when food is
short they are either killed at once or fed upon imported
food. Such a condition of things would be likely to
breed immunity to disease of all kinds; and it is

noteworthy that tubercle is much less common among
sheep than amongst animals which are housed. When
flocks are kept partly for dairy purposes and when
sheep are housed and breathe a foul air and lie upon filth
mixed with earth it is no wonder that disease, especially
such a disease as anthrax, is liable to be rife and to be
difficult to eradicate.
Anthrax in the human subject is a rare disease. Man is

never infected through the alimentary tract as appears to be
the rule among animals. Dr. Bell of Bradford says that " no
such case has been recorded in this country." Cutaneous
anthrax (malignant pustule) is caused by direct inoculation.
It occurs (1) in those who come into contact with infected ’
animals alive or dead ; (2) in those who handle offal, skins,
hoofs, horns, hairs, wools or other derivatives from such
diseased animals; and (3) in countries where the disease
is common among animals women and children who do not
come into direct connexion with infective material are not

infrequently attacked with the disease through the medium
of persons, animals, or insects.
Pulmonary anthrax or wool-sorter’s disease was first

noticed in the Bradford worsted district after the intro-
duction of alpaca and mohair as textile materials in
1837. "This form of anthrax may attack any person
exposed to the inhalation of anthrax spores in d1tst

arising from the products of diseased animals." The
fact appears to be undoubted that anthrax may be a

dust disease and that the spores when perfectly dry may be
inhaled into the lungs. And yet I have hitherto found no
records of pulmonary anthrax from the inhalation of dust
from highly manured ground which must, one would suppose,
especially in the West Riding of Yorkshire, often contain
anthrax spores. The lungs of the agricultural labourer and
the market gardener appear to be immune to the infectivity
of anthrax spores. It seems to be of very great importance
to bear in mind : (1) that anthrax spores persist even in the
finely pulverised soil of worm castings, which must be very
easily dried and converted into dust; (2) that anthrax may
undoubtedly infect man by the inhalation of dust; and

(3) that pulmonary anthrax among agriculturists has not been
recorded. In India it is believed by some that dust is a
common cause of enteric fever among Europeans, a state-
ment which is insusceptible of proof or of disproof. Does

pulmonary anthrax occur among the rural population of the
tropical countries where the disease is endemic amongst
cattle ? In this connexion we must bear in mind that
anthrax bacilli may change their virulence without
undergoing any morphological changes and in this
form when inoculated may confer immunity on susceptible
animals without apparently producing other effects. The
virulence is diminished by cultivation at high (from 108&deg;
to 120&deg; F.) or low (from 66&deg; to 75&deg;) temperatures,
by cultivation under pressure of three or four atmo-

spheres, by exposure to sunlight, or by admixture with
other bacteria. The modified organisms thus produced are
not pathogenetic but confer immunity on susceptible
animals for nine or 12 months. Morphologically they
are indistinguishable from the most active and virulent
forms of the organism and they will generally regain their
virulence when favourable conditions are restored although
the degree of virulence varies in different species of animals.
The persistence of the anthrax spore in the earth does not
admit of a doubt but there is no evidence that man is

ever infected directly from the earth. How far anthrax in
animals is due to inoculation rather than to feeding requires
further and very careful investigation.

DIARRHCEA.
Diarrhoea is a disease which in its epidemic form has been

supposed to be engendered in the earth.
The third quarter of the year 1898 was characterised

by a very large infantile mortality, mainly attributable to
diarrhoea. The rainfall for the quarter was unprecedentedly
small, the temperature was above the average, and the
harvest was one of the best on record.

Of the 141,540 deaths registered 52,837 were those of infants under one
year of age. The mortality of infants, measured by the proportion of
deaths under one year of age to registered births, was 225 per 1000 which
is the highest proportion in any quarter for which the figures are
available and is 55 per 1000 above the average in the 10 preceding third
quarters. In the 33 great towns as a whole infant mortality was equal
to 275 per 1000 births, being higher than the proportion in England and
Wales by 50 per 1000.

Excluding the towns infant mortality in the remainder of
England and Wales was in the proportion of 184 to 1000
births. 7)M?’?’7a caused 22,524 deaths, equal to an annual
rate of 2’85 per 1000, or 1-21 above the average rate of mor-
tality in the third quarters of the previous ten years.
The death-rate from this disease ranged from 0’7 in Rutlandshire,

0’58 in Hertfordshire, 0’66 in Shropshire, and 0’68 in Dorsetshire, to
3’63 in Leicestershire, 3 70 in Staffordshire, 3’94 in Lancashire, 4’23 in
the East Riding of Yorkshire, and 4’40 in Warwickshire. Among the
33 great towns the diarrhoea rate averaged 3-85 per 1000, the highest
rates being 5’85 in Hull, 5-94 in Sunderland, 6-30 in Sheffield, 6’38 in
Wolverhampton, 6’41 in Preston, and 6’47 in Salford. In the 67 other
large towns the rate averaged 3-27 per 1000. In the rest of England and
Wales the diarrhoea death-rate was equal to 2’07 per 1000.

It will be observed that the mortality from diarrhoea was
mainly urban. Among counties it is the rural counties
which have least and the industrial counties which have most
diarrhoea and if we turn to the mortality returns for those
counties where diarrhoea was especially rife we shall find the
mortality greatest in the urban districts. It is a point not
without interest to note that the diarrhoea death-rate and the
fever death-rate in this quarter bore no relation to each other
and that, while the diarrhceal death-rate was 1-21 above the
fever death-rate was 0’03 below the average for the corre-
sponding quarter of the last 10 years. In the following
table some figures are collected which show this very
strikingly.
Table showing the lJeath-rates per 1000 from I’ever and

-Diaprk6ea during the TIti?-d Quarter of 1898.

Diarrhoea is a disease of hot weather. Ballard thought that when the
four-feet temperature of the earth reaches 560F. diarrhoea becomes
common. Tomkins of Leicester (Leicester is a "diarrhoea town") shows
that the disease becomes common when the one-foot thermometer stands
at 60&deg;. Snow of Buffalo, U.S.A., showed that in 1886-88 diarrhoea
mortality was highest when the minimum atmospheric temperature
attained its highest average range. The London statistics for 1887 and
1888 collected by Dawson Williams show a similar relationship between
diarrhoea and a high average minimum range of temperature. Cope-
man considers it highly probable that the disease is due to " micro-
phytic processes" going on in the upper layers of the soil. This would
afford an explanation of the fact that summer diarrhoea is especially a
disease of cities having a polluted soil. Ballard’s conclusions (as given
by Copeman) were: "That the essential cause of diarrhoea resides
ordinarily in the superficial layers of the earth where it is intimately
associated with the life processes of some micro-organism not yet
detected, captured, or isolated. That the vital manifestations of
such organism are dependent, among other things, perhaps principally
upon conditions of season and on the presence of dead organic matter
which is its pabulum. That on occasion such micro-organism, capable of
getting abroad from its primary habitat, the earth, and having become
air-borne, obtains opportunity for fastening on non-living organic
material and of using such organic material both as nidus and pabulum in
undergoing various phases of its life-history. That in food, inside of as
well as outside of the human body such micro-organism finds, especially
at certain seasons, nidus and pabulum convenient for its development,
multiplication, or evolution. That from food, as also from the con-
tained organic matter of particular soils, such micro-organisms can

7 Quarterly Return of the Registrar-General.
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manufacture by the chemical changes wrought therein through certain
of their life-processes a substance which is a virulent chemical poison
(probably ptomaine). That this chemical substance is in the human
body the material cause of epidemic diarrhoea,."

It is most important to remember that these speculative
notions of Ballard’s are not facts.
The bacillus enteritidis sporogenes is believed by Klein to be the

cause of infantile diarrhoea, It is an anaerobic bacillus which forms
spores and mav be easily cultivated in milk. It is fatal to rodents
when injected hypodermically and produces a foul-smelling bloody
cedema of the cellular tissue and adjacent muscle tissue. The spores

were found in four out of 10 cases of infantile diarrhma examined and in
six out of eight cases of cholera nostras. It was found in eight out
of 10 samples of milk purchased in London milkshops between April
and the end of 3-une (when diarrhoea was not epidemic?) including
samples of so-called "pure sterilised milk." It has been found in large
quantities in sewage and in sewage effluents. It is found in horsedung
and in all matters polluted with it. It has not been found in pigdung
’or cowdung or in the dung of a healthy human being.

In face of the wide distribution of the microbe it is evident
that the vulnerability of the individual must be an important
factor in determining an attack of diarrhoea. If we are to
consider dimrrhoea as a soil disease it is evident that it exists
only in the upper layers. It is more common among city
streets than in agricultural districts. According to Klein
the probable cause is largely to be found in horse dung
which is pulverised and blown about generally. Tempera-
ture, as we all know, is most potent as a cause of infantile
diarrhoea in cities. That it is a "soil" disease in any true
sense is certainly not proven.

DYSENTERY.
Andrew Davidson 9 says :-" In keeping with the predilection of

endemic dysentery for marshy localities accounts of its endemo-
epidemic extensions in temperate climates generally point to the
temporary establishment of paludal conditions." Thus in 1873 an
outbreak arose from the cleaning out of the lateral canal of the Loire
and the desiccation of the mud. A similar result followed at Leymen
(Haut-Rhin) from the clearing out in August, 1850, of a vast slimy
reservoir situated in the middle of the village. In tropical countries
dysentery appears to be more independent of soil than in temperate
climates, but an imperfectly-drained or marshy soil is every-
where favourable to its prevalence. The geological nature and
the mineralogical constituents of the soil are secondary in im-

portance to its physical conditions-its dryness, humidity, and
aeration. These again are of less moment than its state of

organic purity. That a soil charged with dysenteric or perhaps even
with f&aelig;cal (simple f&aelig;cal) evacuations is capable of giving rise to the
disease is amply proved. The epidemics which occurred in the Cumber-
land and Westmorland Asylum in 1864-65 and in 1868 were shown bv
Dr. Clouston to be due to the effluvia from a stiff clay field over which
the sewage of the asylum was allowed to flow. The soil was quite unfit
for irrigation purposes. Among the causes of the frightful dysentery
mortality which made Secunderabad a byword none was more effective
than the saturation of the soil of the site itself with organic impurities,
the extreme pollution of the vicinity with faecal matters, and the bad
privy accommodation. The dysentery of war and famine shows little
respect for climate or season ; under the given conditions it appears in
countries most free from the endemic disease and at all seasons of the
year. The dysentery of war and famine is extremely fatal and it has a
- greater tendency than any other to become complicated with typhus,
typhoid, and malarious fevers. In the Irish workhouses during the
10 years ending June, 1851, no fewer than 50,019 persons perished from
dysentery and 20,507 from diarrhoea. The dysentery of war and famine
frequently assumes a contagious character. The bacteriology is rather
uncertain owing to the numbers and variety of the micro-organisms
which are found.

Davidson concludes: 1. The healthy intestine is capable I
of much resistance to the infective agents of dysentery.
2. The healthy human being carries with him organisms
capable under certain conditions of giving rise to inflamma-
tion of the intestinal tract, and besides organisms of suppu-
ration, putrefaction, and sepsis are everywhere present which
have the power of determining dysenteric inflammation of
the bowels when its nutrition is impaired. 3. A simple
catarrhal condition of the bowel is sufficient in itself to
produce true dysentery. 4. When we observe a body of men
seized with an infectious form of dysentery immediately
after being subjected to hardship and depressing meteoro-
logical influences while another body in the vicinity having
the same food- and water-supply but not subjected to the
like fatigue and hardships escape, we are led to infer that
the common exciters of inflammation rather than any specific
agent must have given rise to the disease.

CHOLERA.

Ernest Hart says : "Within certain areas in India cholera is endemic,
especially in the country of the lower Ganges. There the air, the water,
and the soil are never cold, the ground is often damp, and when it is
dry the tanks are foul, so that there is always a fit breeding-place
for the contagion, &c." Koch’s vibrio (Kanthack) grows in dilute
peptone at from 30-> to 350 C. It is commonly said to be
destroyed by drying. It is a facultative anaerobe and highly
saprophytic. Cultures retain their vitality on silk threads for

8 Twenty-seventh Local Government Report, 1897-98.
9 Allbutt’s System of Medicine, vol. ii., p. 408.

86 days and dried on glass for 120 days. "From flies fed en
choleraic material the vibrios could be separated after 14 days."
The inoculation test practised on the lower animals is inconclusive.
According to Pettenkofer (quoted by Copeman) cholera occurs when the

ground-water after having attained a higher level than usual com-mences again to fall.
MALTA FEVER.

Malta fever 10 is caused by the micrococcus melitensis discovered by
Bruce in 1887. It is common to the shores of the Mediterranean and
Red Seas. "It was early apparent that its presence in Malta and
Gibraltar was connected with faecal and organic matter from human
sources. Sewers and sewage works where these have been undertaken,
as in Valetta and Naples, appear to have little influence in diminishing
the attacks. Indeed, the channels are so frequently pervious and allow
the f&aelig;cal matter to soak into the pores of the soil that they virtually
become elongated cesspools and increase rather than diminish the dis-
semination of the poison. Tomaselli notices the same fact in relation
to the prevalence of the fever and the introduction of sewers into
Catania. In his opinion the immense quantity of sewage and sewer
air which is developed in these sewers and finds its way out of them is
to be placed in the first rank of its causation and is an argument in
favour of the aerial dissemination of the morbific agent. The micro-
organism grows best in nutrient material the alkalinity of which is
slightly less than human blood and at a temperature of from 370 C. to
390 C. It fulfils Koch’s postulates at all points. It lives for a long
time in the dry state."

PLAGUE.

Plague has been regarded as a soil disease, but recent
evidence must materially modify this opinion.
The alleged facts which support this view are, according to J. F. Payne

in his article on Plague in Allbutt’s System of Medicine: (1) its limited
geographical distribution ; (2) because ground animals such as rats
perish in large numbers-" they have buboes and their organs contain
immense numbers of the plague bacilli; it cannot therefore be doubted
that the virus exists underground before it affects human beings " ; (3) its
recurrence at the same spot while places near and in direct communica-
tion escape; (4) the escape of water populations such as Canton and in
London in 1665; (5) the fact that the ground floor is affected more than
the first floor-"Plague does not go upstairs " (?); and (6) "the beneficial
effect of local sanitary measures."

It would appear from the above reasons that the endemic prevalence of
plague is comparable to that of cholera or typhoid fever and is governed
by somewhat similar laws, though in other respects it differs very much
from those diseases. In the double infection of the soil and the
organism it resembles anthrax. Along with the infection of the soil
there appears to be a passage of the virus in some form into the air, so
that it has always been believed that the disease may be acquired by
inhalation like typhus fever. Scientific explanation of this method of
receiving the virus is still wanting. Epidemics have often been
preceded by drought; epizootics, famine, and abundance of flies have
been noticed. Epidemics are usually checked by cold and heat. It is
pre-eminently a filth disease invading by preference the crowded, ill-
ventilated hovels of the miserable. "A soil contaminated with f&aelig;cal
discharges and decaying animal matter of all kinds appears to be an
essential condition for the vitality of the virus." Widely different
opinions have been held as to its "contagiousness." "The infection is
doubtless generally conveyed by persons either infected with the
disease or in the state of incubation. Such persons convert the house
they occupy into a focus of infection till possibly the virus passes into
the soil and a severe epidemic may result." The rate of extension is
variable but generally slow ; plague has taken weeks or months to pass
from one side of a city to another; it creeps along from point to point so
as to be compared by some to a drop of oil on paper. Such gradual exten-
sion suggests the slow progress of a virus in the soil itself, and probably
that is in some places the explanation, but obviously only transmission
through short distances can be thus accounted for.

It is encouraging to observe how the habit of calmly
observing and recording the phenomena of different epi-
demics together with carefully devised experiment has
thrown light upon many of the obscure points connected
with plague. We now know that plague is protean in its
forms and that all forms are not conveyed from individual to
individual with equal readiness. The unfortunate accident
which occurred last year in Vienna ought to have, and
doubtless has had, the effect of dispelling many of the super-
stitions in regard to plague. It has clearly demonstrated
to the people at large (1) that the poison is something
tangible which may be conveyed from one part of the
world to another in a test-tube ; (2) that the poison
may infect the lower animals; (3) that the lower animals
may infect man ; (4) that the pulmonary form of the
disease is terribly infectious and communicable through

, the air ; and (5) that measures of disinfection and
, isolation are capable of cutting short an epidemic.

Experiments carried out in districts where a disease
is epidemic or endemic necessarily acquire a measure

of uncertainty from that fact alone. The occurrence at
Vienna, much as one may deplore it, was an object-lesson of
the greatest value and converted what many regarded as
mere theories into facts which all can read and understand.

, In the recent epidemics in the East the theory that plague
grows "in the soil" has received no support whatever and

: that it spreadsin the soil like a drop of oil permeating paper
appears to be unlikely. In India two facts have come to the

front-viz., the danger in relation to plague of (a) rats and

10 Allbutt’s System of Medicine, vol. ii., p. 463, by Lane Notter.
H 2
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(b) abrasions on the skin. The rat lives in burrows in the
soil and swarms in our sewers. He feeds largely at night
and comes out of his hole in search of food and prey.
It has long been recognised that the rat is susceptible
of plague. In Bombay, according to Simpson, as many as
100 affected rats were counted in one small grain dep&ocirc;t in
one day. Hindoo writings 800 years old warn the inhabitants
to leave a district when they observe a mortality among rats.
The infection of rats usually follows infection of a distant
locality by men. Nowhere has this been more decidedly proved
than during the late epidemic in India, where the infection
of the rats has unfortunately followed the introduction of
the virus by man, from a primary seat of infection situated at
considerable distances from the secondary area of infection.
Rats may convey infection from infected burrows on their
feet or fur ; they also become infected by eating each other.
When dying they usually leave their holes and run about the
rooms of a house and then die. Carelessness in dealing with
or handling them, especially in the filthy surroundings and
associated with the dirty habits of the inhabitants of these
houses, along with the possible convection by vermin,
must all necessarily be in favour of the infection being
carried to man. The amount of such infection spread
by rats cannot be gauged. The infection of the rat
is no proof whatever of infection of the soil except I
by filth deposited on the surface. Lowson in his report
to the Bombay Government in 1897 says: " That the
disease is primarily a soil disease is certainly borne out
neither by observation nor experiment. Takaki and I carried
out bacteriological experiments in Hong-Kong by which we
were able to prove that even in houses in which the earthen
floors had been severely infected no cases of plague infection
could be obtained and later experiments on the artificial
infection of earth with a culture of the plague bacillus
have shown that the mixture of earth and bacilli loses its
infecting power, sometimes in a couple of days." Indeed,
there has been no proof forthcoming so far that the plague
bacillus has ever been found below the surface of the earth.

In Hong-Kong the soldiers who were attacked by plague
were in the cleansing squads, and were well booted,
but worked with trousers open at the bottom. In India
the military parties who assisted in this work were ordered
to wear putties to prevent plague-infected dust and animals
from coming in contact with their legs, with the result
that none of those engaged in this work became infected,
and that, too, amongst probably eight or 10 times more
soldiers than were doing the work in Hong Kong. To
sum up, it may be said that the following are the
most important items in the spread of plague: (1) filthy
habits of the people, such as spitting over the floor and others
mentioned above; (2) filthy houses; (3) overcrowding and
consequent rapid increase of contagious disease when once
imported ; (4) presence of rats, insects, and other vermin;
(5) the naked condition of the people going about, such
people presenting almost unlimited opportunities for the
entrance into their tissues of plague poison by inoculation
and through abrasions (6) pollution of soil and houses with
the excretions of man and animals; and (7) filthy clothing
and absence of bodily hygiene.

DIPHTHERIA.

Arthur Newsholme in his work on Epidemic Diphtheria
(1898) while admitting that personal infection is the chief
means by which diphtheria is spread, contends that :-
The specific micro-organism of this disease has a double cycle of

existence, as have the specific micro-organisms of enteric fever,
erysipelas, scarlet fever, rheumatic fever, &c. One phase is passed in
the soil, another in the human organism. One is saprophytic, the
other parasitic." It is not strange, therefore, that the epidemic
prevalence of all the above diseases is favoured by deficient rainfall if
this is sufficiently long continued. This deficient rainfall implies a low
subsoil water and a subsoil above the level of this water which is
relatively dry and warm, probably the optimum conditions of the
saprophytic life of the above pathogenic micro-organisms. The causes
of the transition of the diphtheria bacillus from the saprophytic to the
parasitic phase of life may be surmised both as regards (a) season and
(b) years of special epidemic prevalence. Diphtheria is most prevalent
in the autumn and early winter months, when the optimum temperature
and the optimum degree of humidity of the soil are rapidly
disappearing or have departed. It is also most prevalent after the wet
weather occurring in or immediately following exceptionally dry years.
Both these conditions tend to raise the ground water and to drive out
any pathogenic micro-organisms from the soil.
Newsholme is of opinion that in order to account for the epidemic

and even pandemic waves of diphtheria " the diphtheria bacillus under
certain conditions becomes more actively virulent and infective-more

11 It is not contended that there is a regular alternation of saprophytic
and parasitic generations ; but that such alternations do occur.

remote from its saprophytic phase of life, and that thus persons who
can resist the ingress of the feebler fall victims to the more powerfuJ
micro-organism." The latter is probably the correct hypothesis and
the evidence already given clearly points to the conclusion that of the’
external cultural conditions leading to increased virulence of the diph-
theria bacillus and greater readiness for assuming a parasitic life
exceptional deficiency of rainfall and consequent exceptional deficiency
of moisture in and exceptional warmth of the subsoil form an essential
part.
The above is a very ingenious hypothesis, but it is essential

to point out that the diphtheria bacillus has not been
recovered from the soil and that the bacilli of rheumatic
fever and scarlet fever have not yet been identified. Before
Newsholme’s hypothesis can be accepted a great deal more
evidence will be necessary.
Newsholme’s figures and tables show clearly that the amount of

diphtheria is very great in the American cities. He records death-rates
(per 100,000) for diphtheria of 109 in New York (average of 28 years
1868-95), 77 in Chicago (36 years, 1859-94), 100 in Boston (35 years,
1861-95), 114 in Brooklyn (1875-95), and 129 in Pittsburg (1877-94). The
highest death-rate from diphtheria ever recorded in London was 76
(per 100,000) in 1893. The average death-rate per 100,000 was in Salford
32 (1860-95), Manchester 18 (1871-96), Liverpool 14 (1860-95), and Sheffield
15 (1859-96). The figures were still lower in others of our great industrial
towns. In Holland we find death-rates per 100,000 from- diphtheria
alone of seven in Rotterdam, 12 in The Ilague, and 31 in Amsterdam,
(all three for 1879-95). Berlin gives 101 (1869-96), St. Petersburg 65.
(1879-95), and Moscow 64 (1878-96). The death-rate in Japan appears two
be low.

Newsholme’s figures generally seem to show that diph
theria is now a disease more of the towns than of the,
rural districts. It is not very easy to understand how in a

city where pavements and other impermeable coverings to
the soil are general the bacillus is driven by the rising
subsoil water into the air. Of course, it may be driven out
of the sewers and sewer ventilators, in which case it
becomes a sewer disease rather than a soil disease. Why
is it not an air disease ? Nobody who has ever smelt
the air of Bond-street in a hot July or who has.
watched the impurities descending from the upper air
when they are driven downwards by the first showers after a,
drought would refuse to allow to the air of a city any amount
of potential infectivity. Most of the facts collected by
Newsholme are explained as readily, if not more readily,.
on the theory that diphtheria is an air disease as upon the
theory that it is a soil disease. If we remember that a.

theory is not a fact these speculations will do no harm.
Unfortunately this is not always remembered. Diphtheria
(Copeman) has been supposed to show a preference for
houses on damp clayey soils (Greenhow, Airy) and dampness.
of habitation (Thursfield). "Although," says Copeman,
" dampness of site is undoubtedly a factor in the production
of outbreaks of diphtheria, particularly if such dampness be-
due to persistent leakage from imperfect sewers or cess-
pools," it does not appear to bear any relation to the rise and
fall of the subsoil water.
That diphtheria is a soil disease is certainly not proven.

MALARIA.

A few years ago I should have spoken of malaria" as.
undoubtedly caused by something in the soil itself and I
should have indulged in the stock phrases about miasmata,
mephitic vapours, and the like. The discovery of h&aelig;matozoa
in the blood of sufferers from malaria has altered our point
of view. The most widely spread poison in the world has
become something which is visible and tangible and
inoculable. No discovery which has ever been made in
the domain of medicine is likely to have such far-reaching
effects. Further it seems certain that the infection of human
beings may take place via the mosquito and we are now con-
cerned to find out whether this is or is not the only medium
through which the blood of man receives the parasite. Some
who are well qualified to speak would answer in one way and
some in another. This is not the place for weighing argu-
ments pro and con nor can I claim any special knowledge
which qualifies me to sit in judgment. Let us assume that it
may possibly be shown hereafter that what we have hitherto
regarded as "malaria" is a parasitic disease wholly and
solely inoculated in us by insects of the mosquito class and
that in respect of its mediate infection by animals
malaria will fall into line with rabies. We cannot issue-
a muzzling order to be enforced against mosquitoes nor can
we lure stray mosquitoes to their death in some tropical
Battersea. We shall have to go more to the root of the-
matter and while on the one hand we may be able to show
Europeans the importance of protecting themselves against
the attacks of insects we must still continue to make use of
our accumulated knowledge as to the conditions of soil which
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indirectly cause remittent fevers to be endemic. Old and
well-established facts will now be re-examined by intellects
strengthened and widened by the discoveries of Laveran and
Ross and our knowledge is sure to be extended and in-
creased. Although the conditions of soil which give rise to
malaria are too well known to need any lengthy discussion
here it may be well to give some of the latest utterances on
the subject.

Sir Joseph Fayrer writing on the " Climate and Some of the Fevers in
India" in Allbutt’s System of Medicine 12 says of malaria: "It often
appears with great virulence after excavation or turning up of soil
and in land that has recently been denuded of jungle." ........ "On the
other hand, draining and cropping seem after a time to diminish or
destroy the poison. Maclean calls attention to the fact that when
- excavations were made in the island of Hong-Kong which consists
’entirely of weathered and decaying granite and is liable to be permeated
with a peculiar fungus, violent and fatal remittent fever appeared."

Osler says: "An interesting feature in connexion with the disease
is the gradual disappearance from certain regions under the influence
of drainage and cultivation. In England, even in the fen country it is
now almost unknown. In New England, too, it has gradually dis-
appeared. In parts of Canada bordering Lake Ontario which were
formerly hotbeds of the disease cases only exceptionally occur." It is
well called a soil disease. " Excavations of all sorts, extensive cuttings
for railways, and the breaking up on a large scale of virgin soil have in
many instances been followed by outbreaks of malaria. M "The greater
prevalence of fever in the Royal Engineers in comparison with other
troops is probably to be accounted for by their more frequent employ-
mention in the excavation of the soil. Manson, 14 speaking of Ross’s work in
connexion with the mosquito, says that although he believes that
malaria may be acquired by the bite of the mosquito, he does
not believe that this is the onlv way. Rees of the Seamen’s
Hospital15 gives details of an outbreak of intermittent fever (con-
firmed by examination of the blood by himself and Manson) which
affected 22 of the crew of a ship nine days out from Colombo and
14 from Calcutta on her homeward voyage. Air-borne infection or
water-borne infection cannot be lightly dismissed.

BLACKWATER FEVER.
Crosse, writing on blackwater fever,16 says: "Some will ask,

Why has blackwater fever become so common recently? The first case
on record in the Niger Territory was, so far as I know, my own 10
years ago. The first case on the Niger Delta is said by some
old coasters to have occurred in 1882. It seems to me that since we
have begun to turn up virgin soil for coffee and other plantations the
disease has become common....... It is significant that our first three
gardeners died of blackwater fever and that for some considerable time
cases only occurred near the plantations, and as plantations became
common so the disease spread to the other stations in the territories.
Castellote notes a case in which a white man personally super-
intended the digging of a grave and stood about in the sun for two or
three hours ; next day he had severe fever which developed into black-
water fever." According to Battersby " many virulent attacks after the
turning up of virgin soil have been recorded. Almost equally remark-
able, according to this observer, is the diminution of the disease which
has been brought about in certain localities by drainage and cultivation
of the soil."

It is generally conceded that the turning up of virgin soil
is one of the most fruitful causes of malignant malarial
fevers and numberless examples of this are given in text-
hooks on the subject. Surgeon Bowden, R.N., D.S.O.,
informs me that the turning up of fresh soil is often followed
by an influx of mosquitoes. On the other hand, the cultiva-
tion of the soil seems ultimately to lead to the decrease and
disappearance of malaria. The broad facts of nature must
convince us that this must be so for if man in his attempts
to grow food merely increased the deadliness of his surround-
ings the human race would soon become extinct.

There is a group of diseases which (like malaria) seem to
be dependent upon the bites or stings of insects and which,
although they affect animals rather than man, throw much
light upon the pathology of infection and teach us that so-
called "climatic diseases" may be due to something very
gross and palpable.

NGANA OR TSETSE FLY DISEASE.
Kanthack. Durham, and Blandford,17 show that this disease is due to a

h&aelig;matozoon (trypanosoma) in the blood inoculated by a fly. Cats,
dogs, mice., rabbits, rats, hedgehogs, donkeys, horses and their hybrids
seem susceptible. The disease seems to be communicable only by some
form of inoculation and is not probably conveyed by feeding on infective
material in the absence of superficial lesions. Material taken from the
dead body 24 hours after death is not infective. The nearest
lymphatic glands to the inoculated spot are the first to suffer. The
h&aelig;matozoon gets through the lymphatics to the blood. In the late
stages of the disease the animals (especially dogs) may become
infected by pyococci, i e., a spontaneous infection to which the animal
is rendered prone by its marasmus. The blood may contain 3,000,000
h&aelig;matozoa per millimetre or may prove infective though none be
visible. The trypanosoma sanguinis which is found in a certain pro-
portion of rats has no apparent relation to tsetse fly disease. A similar

12 Vol. ii., p. 311.
13 I recently discussed this subject with two gentlemen who were inti-

mately connected with Indian railways and who professed ignorance of
any danger arising from recent cuttings.

14 Brit. Med. Jour., Sept. 24th, 1898.
15 Ibid., Sept. 24th, 1893. 16 Ibid., Oct. 8th, 1898.

17 Proceedings of the Royal Society, vol. lxiv., p. 100.

parasite is said to cause "surra" in India and an allied disease among
horses in Algeria, Surra is probably conveyed by flies. Lingard thinks
the fodder soiled with rat-dung may give the disease, but that is doubt-
ful. The tsetse fly is a dipterous insect somewhat resembling the
common house fly. It has a long thin proboscis, chestnut thorax
marked longitudinally by four black lines, and a yellowish white
abdomen of five rings. It inhabits principally the low-lying and
swampy valleys of the Zambesi and Chobe.

" LOUPING ILL."
This disease, which is common in the North of England and Scotland

and which has been noticed as fatal to sheep frequenting certain
pastures, has now been shown by Williams, Meek, and Greig Smith 18
to be caused presumably by a special kind of sheep " tick found on
these pastures, which tick is supposed to be hatched in the upper layer
of the soil and to inoculate the sheep with micro-organisms which
cause the disease-a disease which is characterised by staggering and
lameness due to congestion of the brain and spinal cord which have
been found post mortem.

TEXAS FEVER OF CATTLE.
This appears to be caused by a hsematozoon with which the animal s

inoculated by a tick (ixodes or boophilus bovis) which is parasitic. The
Australian tick fever and the ixodic anaemia of Jamaica appear also to
be produced by allied if not identical parasitic animals. Principal
Williams, F.R.C.V.S. of the New Veterinary College, Edinburgh, in
writing on ixodic an&aelig;mia or Texas fever 19 (which he studied in
Jamaica) which is due to the infection of cattle with a blood parasite by
the agency of a tick (ixodes bovis) insists that every attempt should be
made to get rid of the ticks which breed especially in the vegetable
rubbish left upon the pastures. "Every effort should be made," he
says, to conserve and increase tick destroyers such as the black tick
birds....... I have had much amusement in watching these birds, as
there seems to be an understanding between them and the cattle
whereby they are assisted and encouraged to destroy the ticks."
Domestic fowls should be encouraged and starlings and song-thrushes
might be imported. To a stranger visiting the island (Jamaica) the
scarcity of birds is a striking feature. I have been told that it is due to
the mongoose, which has not only diminished the number of wild
birds and domestic fowls, but other tick-destroying creatures such as
the ground lizard. Now this destruction of the natural tick-destroyers
should, as far as possible, be prevented, firstly by legal protection,secondly by encouraging the slaughter of the mongoose.’ (For further
remarks see Veterinary Journal, 1896.)

SOUTH AFRICAN HORSE DISEASE.
South African horse disease has no apparent connexion with insects

or surface wounds, but appears to depend not upon conditions of
the surface soil, but on temporary conditions of the vegetation which
forms the pastures.
South African horse disease (cedema-mycosis) is described by Captain

Hayes, F.R.C.V.S., in his translation of Friedberger and Frohner’s
Veterinary Pathology, and is supposed by Edington to be caused by
a mould (penicillium) which grows in the vessels causing thrombosis
and exudation of serum with fatal results. It appears to occur chiefly
among animals which are allowed to graze while the dew is on the grass
and the growth of the microbe is supposed to be connected with the
dampness of the grass. The disease once contracted is almost always
fatal, but the prophylactic appears to be dry fodder and the folding of &pound;
horses until the sun has dissipated the moisture of the dews.

The history of those diseases which appear to depend on
inoculations points with no uncertainty to the advisability of
keeping a whole skin. The verminous person" has assumed
an importance in relation to the public health which the
Legislature has already recognised, while the "tramp" " with
his special liability to small-pox is one to whom the
anti-vaccinationist is likely to discover a 

" conscientious
objection." The special liability of the "tramp" to suffer
from small-pox-if such is really the case-seems to offer a
field of investigation well worthy of being methodically
explored.

There are other diseases more or less suspected of being
soil diseases, but the facts are at present too few to make
any discussion profitable. These are yellow fever, beri-beri,
swine fever (undoubtedly propagated by fouling of the surface
soil), cancer (?), thread worms, hydatids, and ankylostomum
duodenale. Malignant oedema is an infective disease of
wounds undoubtedly caused by a ubiquitous anaerobic sapro-
phyte which occasionally manages to grow in the cellular
tissue and to generate gas (CO2, H, SH2, CH4) therein.

18 Veterinarian, 1896-97.
19 Principles and Practice of Veterinary Medicine, p. 416, et seq.

WIGAN MEDICAL SOCIETY.-The annual meeting
of this society was held on Feb. 9th, when the following
office-bearers were elected :-President: Mr. Luther Cooke.
Committee: Mr. Street, Mr. Graham, Mr. Roocroft, Mr.
Brady, Mr. Cowan, Dr. White, and Dr. Benson, with the
president, honorary treasurer, and honorary secretary
ex-officio. Honorary treasurer : Mr. E. H. Monks. Honorary
secretary: Mr. William Berry. The annual dinner was
then held. The following visitors were presfnt: Mr. W.
Mitchell Banks and Dr. Barr of Liverpool and Dr. Hayward,
President of the St. Helen’s Medical Society.


